We present a search for debris discs amongst M-dwarf members of nearby, young (5-150 Myr) moving groups (MGs) using infrared (IR) photometry, primarily from the Wide Infrared Survey Explorer (W ISE). A catalogue of 100 MG M-dwarfs that have suitable W ISE data is compiled and 19 of these are found to have significant IR excess emission at 22 µm. Our search is likely to be complete for discs where the ratio of flux from the disc to flux from the star f d /f * > 10 −3 . The spectral energy distributions are supplemented with 2MASS photometry and data at longer wavelengths and fitted with simple disc models to characterise the IR excesses. There is a bimodal distribution -twelve targets have W 1 − W 4 > 3, corresponding to f d /f * > 0.02 and are likely to be gas-rich, primordial discs. The remaining seven targets have W 1 − W 4 < 1 (f d /f * 10 −3 ) and include three objects with previously known or suspected debris discs and four new debris disc candidates that are all members of the Beta Pic MG. All of the IR excesses are identified in stars that are likely members of MGs with age < 30 Myr. The detected debris disc frequency falls from 13 ± 5 per cent to < 7 per cent (at 95 per cent confidence) for objects younger or older than 30 Myr respectively. This provides evidence for the evolution of debris discs on this timescale and does not support models where the maximum of debris disc emission occurs much later in lower-mass stars.
INTRODUCTION
The formation of low-mass stars is thought to inevitably involve a "primordial" disc of gas and dust. Over the course of a few Myr, this disc evolves in a poorly understood way: small dust particles form and coagulate; some gas can accrete onto the star or is expelled in winds; an inner hole may form. The progression from an optically thick primordial disc, through transitional discs with inner holes to an optically thin disc may take a few to 10 Myr (Haisch, Lada & Lada 2001; Hernández et al. 2008) . At the same time, grains may grow to form planetesimals and then second generation, optically thin, debris discs may form due to collisional cascades or collisions between rocky protoplanets (Wyatt 2008) .
Much of the work on the evolution of debris discs around stars has focused on coeval cohorts of known age in open clusters. The occurrence of observed debris discs appears to depend on both age and spectral-type; debris discs are ⋆ E-mail: a.binks@crya.unam.mx more common around early-type stars and around young stars (Wyatt 2008) . From 10 to 100 Myr there is a decline in debris disc frequency from ∼ 40 to 10 per cent amongst solar-type stars, although a large scatter remains present throughout this range. A-type stars take ∼ 500 Myr for the same level of decline (Siegler et al. 2007 ), in broad agreement with collisional cascade models (Kenyon & Bromley 2005; Thébault & Wu 2008) .
Whilst much observational work has focused on the debris disc frequencies for solar-type stars, little is known about the evolution of M-dwarf debris discs, because most are too faint to be studied in open clusters and young, nearby field M-dwarfs are rare (Theissen & West 2014) . It has been suggested that the evolution of debris discs around lower mass M-type stars could be more rapid. The timescales for dust dissipation may be shorter, partly due to enhanced stellar wind drag forces (Plavchan, Jura & Lipscy 2005; Trilling et al. 2008 ) and partly due to stronger photoevaporation in the extreme ultraviolet (Galván-Madrid et al. 2014 ).
The Wide-field Infrared Survey Explorer (WISE, Wright et al. 2010 ) has been successful in uncovering hundreds of solar-type objects with an IR excess in the solarneighbourhood (Patel, Metchev & Heinze 2014) , however, very few young, nearby M-dwarfs have been reported with IR excesses (Avenhaus, Schmid & Meyer 2012) . The frequency with which debris discs are found (hereafter termed the disc fraction) for young field M-dwarfs has been reported to be both smaller than FGK-types (Lestrade et al. 2009 ) and larger (Forbrich et al. 2008) .
A potential alternative source of coeval lower mass stars are those belonging to nearby (< 100 pc), young (< 150 Myr), moving groups (MGs, . Some work has investigated the disc fractions in MGs Schneider, Melis & Song 2012; Moór et al. 2016) , none has been able to study large samples of M-dwarfs. Several recent surveys have identified new M-dwarf members (or candidate members) of nearby MGs (Shkolnik et al. 2009 (Shkolnik et al. , 2012 Schlieder et al 2010 Schlieder et al , 2012 Malo et al. 2013; Gagné et al. 2014 Gagné et al. , 2015 . To date, only three Mdwarf MG members are known to have debris discs, identified via scattered light images and thermal emission; AU Mic in the Beta Pic MG (BPMG, Kalas 2004; Augereau & Beust 2006; MacGregor 2014) and TWA 7 and 25 in the TW Hydrae MG (TWA, Choquet et al. 2016) .
Motivated by the swathe of new M-dwarfs discovered in MGs, this work makes use of IR photometry to search for debris disc candidates among a large number of MG M-dwarfs. Near-IR photometry is available from 2M ASS (Cutri et al. 2003) , the main source of mid-IR photometry is W ISE (Wright et al. 2010) and fluxes measured at longer wavelengths are available for some objects. §2 describes how the initial target catalog of M-dwarfs is compiled. The collated W ISE photometry is presented in §3 with a description of the photometric criteria required for the detection of an IR excess. In §4 SED models and simple blackbody fits are made to stars qualifying from the photometric selection in §3. A discussion of the sensitivity limits for W ISE detection of debris discs is presented in §5. In §6 we make assessments of the nature of the IR excess for each target with significant IR excess and we discuss previously confirmed M-dwarf debris disc systems in MGs. In §7 we present the results from our IR search and discuss its limitations. A summary is provided in §8.
TARGET SELECTION

Moving group membership confirmation
Recent large-scale kinematic surveys have revealed hundreds of new candidate MG M-dwarfs, many of which require follow-up data to confirm their membership status. Some searches (e.g., Schlieder, Lépine & Simon 2012 ) use proper motions to identify possible comoving stars with a MG and then perform follow-up spectroscopy to measure ages and kinematics, identifying likely coeval and comoving objects as MG candidates. Another approach is to identify candidate young stars based on general youth-indicators such as UV and/or X-ray activity (Shkolnik et al. 2012) or rapid rotation (Binks, Jeffries & Maxted 2015) and then acquire spectroscopy to confirm youth and test their kinematics for membership with known MGs. An alternative method based on Malo et al. (2013) . N initial gives the number of M-dwarfs in each MG which satisfied all criteria for inclusion provided in §2.1. Sources references: 1) Murphy, Lawson & Bessell (2013) , 2) Nakajima & Morino (2012) Bayesian inference techniques compares the proper motions, positions and colours of a sample of Hα-emitting stars with the distributions observed in known MGs (e.g., Malo et al. 2013) . Table 1 lists the 9 MGs considered in this work and the source paper(s) from which candidates for this paper are selected. Ages are adopted from Bell, Mamajek & Naylor (2015) , unless otherwise stated in Table 1 .
All 286 of the selected targets have proper-motions that are reported to be consistent with MG membership in the source paper and we also require that an object has an M-type spectral classification. If a candidate has a measured radial velocity (RV), MG membership is tested by comparing the RV of a candidate and the RV it would be expected to have were it a member -given by VT cos λ, where VT is the total speed of the MG and λ is the angle between the target's position and the MG convergent point. Convergent points are extracted from table 7 in Binks, Jeffries & Maxted (2015) . If |RV − VT cos λ| > 5 km s −1 then the target is rejected as a MG candidate. The sample is inevitably inhomogeneous, but where available, all kinematic information is consistent with MG membership.
Selection criteria using W ISE
W ISE (Wright et al. 2010 ) is a satellite-based IR telescope which mapped > 99 per cent of the sky at 3.4, 4.6, 12 and 22 µm (W 1, W 2, W 3, W 4) with angular resolutions of 6.1", 6.4", 6.5" and 12.0", respectively. It is capable of providing 5σ point-source sensitivities of 0.068, 0.098, 0.86 and 5.4 mJy, which is two orders-of-magnitude deeper than previous satellite-based mid-IR surveys such as IRAS.
To obtain a reliable sample of mid-IR photometry for disc identification, targets were only retained if they had signal-to-noise ratios (SNRs) greater than 5.0 in the W ISE W 4 band (hereafter, SNR refers exclusively to the W 4 band). Whilst an IR excess can be indicative of a debris disc, there are a number of false positive signals that we sought to eliminate following guidelines in Patel, Metchev & Heinze (2014) . Firstly, since interstellar cirrus near the Galactic plane can strongly contaminate W ISE images, any objects with l 5
• are excluded. Searching the SIMBAD database, we ensured that no objects in our sample matched any of the following object descriptions that could be false-positive sources of IR-excess: post-AGB stars, white dwarfs, carbon stars, novae, Cepheids, cataclysmic variables, high-mass X-ray binaries, planetary nebulae or Wolf-Rayet stars. We then removed objects that had projected companions with ∆Ks 5 mag within 16" in 2M ASS; this is a strict criterion but one deemed necessary to exclude contamination by extremely red, unresolved sources in W ISE. In order to include only objects with non-variable photometry, which could affect our determination of W ISE colours, we removed 8 stars whose AllW ISE photometry deviates from the mean of the single exposure measurements (from the AllW ISE L1b catalog 1 ) by more than 2σ, where σ represents one standard deviation in W 1 or W 2 from the single frame exposures. In one case (WISE J112117.15−344645.4), the difference in W 1 and W 2 magnitudes between AllW ISE and the mean of the L1b images is ∼ 0.8 mag (∼ 6σ). In addition the sample was limited to objects with W 1 > 4.5 mag and W 2 > 2.8 to avoid saturation. To avoid contamination by known 2M ASS extended sources, we include only stars with W ISE ext flg = 0 or 1. We include only W ISE sources indicative of unconfused photometry: i.e., only stars with cc flg[Wi] = 0 (or flagged with a lower-case initial). Of the 286 candidate M-dwarf members in the nine MGs, 133 have SNR > 5.0; 10 in ǫ Cha, 8 in η Cha, 22 in TWA, 33 in BPMG, 2 in Carina, 5 in Columba, 26 in Tuc-Hor, 9 in Argus and 18 in ABDMG. Of these objects, 100 satisfy all the additional criteria described in this section, and these are listed in Table 2 .
Flux conversion
JHK photometry is from the 2M ASS catalog (Cutri et al. 2003) and magnitudes were converted to fluxes (all in units of erg/s/cm 2 /Å) using the 2M ASS isophotal bandpasses and zero-point magnitude fluxes from table 2 in Cohen, Wheaton & Megeath (2003) . For the W ISE data, zero-magnitude fluxes are taken from Jarrett et al. (2011) and colour corrections are available in Wright et al. (2010) . Following the work in Theissen & West (2014) and the advisory notes in Wright et al. (2010) , W 4 fluxes are reduced by 10 per cent. For objects with a significant W 4 excess (see §3), additional photometry/flux values were searched for in the IRAS, AKARI, Spitzer IRAC and Spitzer M IP S, Herschel SP IRE and Herschel P ACS and SCU BA2 catalogs and any additional fluxes are listed in Table 4 . The fluxes for IRAS sources were extracted directly from the IRAS point source catalog (Helou & Walker 1988 Kennedy & Wyatt (2012) , objects with EW 4 > 3.0 are classed as having significant excess and these are discussed in more detail in §6. Schneider, Melis & Song (2012) apply a criteria of W 1− W 4 > 1.0 mag to identify circumstellar discs around Mdwarf TWA members. From a sample of M-dwarfs from the third catalogue of nearby stars (Gliese & Jahreiss 1991) a typical colour for an M-dwarf field star without an excess is W 1 − W 4 ∼ 0 with a range of ∼ 0.3 mag (see below); therefore W 1 − W 4 = 1.0 represents a ∼ 3σ separation from the field star sample. The range in W 1 − W 3 for M-dwarf field stars is ∼ 0.15 mag, centered about 0. Figure 1 shows a variety of colour-colour diagrams for the MG sample. A sample of primordial and transitional discs in the Taurus star-forming region (Esplin, Luhman & Mamajek 2014 ) is also shown and can be used to judge the efficacy of the diagrams and whether they are capable of distinguishing transitional from primordial discs. Figure 1 shows that W 1 − W 4 is likely to be the best colour indicator to pick out objects with discs. This work will utilise the same photometric colour cut as Schneider, Melis & Song (2012) , however should an object with W 1 − W 4 < 1.0 have an EW 4 > 3.0, then they are also assumed to be debris disc candidates, unless there is evidence to suggest otherwise.
Twelve objects survive the W 1 − W 4 > 1.0 cut: 5 in ǫ Cha, 5 in η Cha and 2 in TWA (see Table 4 ) and their nature is discussed in §6.1. A further seven objects have W 1 − W 4 < 1.0 and EW 4 > 3.0 and these are discussed in §6.2. As a further check on the reliability of these sources, postage stamp AllW ISE images in the W 4 band were ex- Table 2 . RV and photometric data for the 100 objects that satisfy both the RV criteria described in §2 and additional criteria in §2.2 and have SNR > 5.0 in the W 4 band. The M-dwarf spectral-type (SpT) sub-classes are from the source paper, radial velocities (RVs) are extracted from the literature source (see §2) and RVp = RV − V T cos λ, unless there is no published RV, in which case RVp = V T cos λ. Table 3 .
amined with the daophot photometry package in IRAF 2 . All of the detections showed no significant confusion with other sources within the W ISE point spread function and all bar one showed no evidence of any non-circularity that might betray the presence of multiple components, an extended extragalactic source or cirrus. The exception was target R (see Table 3 ), which showed marginal evidence for non-circularity, but was our IR-excess source with the lowest detection significance in W 4. There were also 5 objects with W 1 − W 4 > 1.0, SNR > 5.0, but which were excluded by other criteria described in §2.2 -these are briefly discussed in Appendix A.
SED MODELS
For those stars suspected of having an IR excess, SED models were generated to provide a best-fit star plus singletemperature (or two-temperature, if appropriate) disc to the available photometry. BT-Settl model atmospheres were used to simulate photospheres with T eff > 2700 K (Allard 2014 ) and the AMES-DUSTY models were used for T eff 2700 K (Chabrier & Baraffe 2000) . All SEDs were fit using atmospheres with [M/H] = 0.0 and log g = 4.5. The flux profiles of the discs were generated from Planck functions. Model fluxes for each photometry point were calculated by integrating the relative spectral response (RSR) curve with the combined stellar and disc flux over the photometric bandwidth (i.e., between λ1 and λ2) and dividing this by the integral of the RSR curve.
The photospheric model is constrained using 2M ASS JHK photometry, assuming that a disc component would contribute negligble flux at these wavelengths, and then this is used as a baseline upon which the disc flux is added. T eff was estimated to the nearest 100 K by comparing spectraltypes with the colour-T eff tables in Pecaut & Mamajek (2013) , leaving three free parameters to constrain: the disc temperature (T d ), the surface area of the star and the surface area of the disc. For the cases where we fit a two temperature disc we constrain two disc areas and two disc temperatures. Because the fitted SEDs were calibrated for a source at 10 pc, the flux profiles were multiplied by a normalisation parameter of 10 η to characterise the stellar surface area. The value of η was altered until the minimum χ 2 * value was obtained with respect to the JHK photometry. Error bars for η were calculated using a parabolic interpolation of χ 2 * versus η. . Contour plots indicating the 1, 2 and 3σ errors from simultaneously fitting ζ and T eff in the SED models (χ 2 min + 1, 2 or 3σ, respectively). These were only available for 8 objects because in all other cases there was not enough far-IR data to constrain the disc model.
The η and T eff values are listed in Table 3 and all η errors were ∼ 0.01.
A "star plus disc" model was then used and the parameters varied to minimise a chi-squared value labelled as χ 2 d
using the best photospheric model, W ISE photometry and any supplementary IR data available (see Table 4 ). A singletemperature Planck function was used with the effective disc area and T d as free parameters. Flux upper limits were not included in the chi-square minimisation, however we require that the model flux is less than the upper limits where an upper limit is present. The Planck function normalisation was multiplied by 10 ζ , altering ζ in steps of 0.05 and T d in steps of 10 K to provide the lowest χ 2 d . We then froze into the model the best-fitting star and single-disc parameters and introduce a second disc using the same ζ and T d steps to obtain a new χ 2 d . We use the F-test with two degrees of freedom at the 90 per cent confidence interval to determine whether to use the 1 temperature or 2 temperature model (∆χ 2 = 9.00) -for targets D, I and L (see Figure 2 ) the 2 temperature model is applied.
Uncertainties in ζ and T d were calculated only for single-temperature discs that had IR data either side of the peak of the Planck function (5/12 of the objects with W 1−W 4 > 1.0 and 3/7 of the objects with W 1−W 4 < 1.0). If no IR data were available redward of the Planck function peak then only upper limits to T d could be estimated (see below). In Figure 2 , the best-fit star plus disc models are displayed for all 12 objects that had W 1 − W 4 > 1.0 (see §3) and in Figure 4 contour plots are provided for 68, 95 and 99.7 per cent confidence intervals for the simultaneous fits of ζ and T d . The maximum/minimum values of ζ and T d which provide 1σ errors in the fit are used as estimates of the error bar on both of these parameters. Figure 3 displays equivalent SED models for the seven objects that have W 1 − W 4 < 1.0 and EW 4 > 3.0 (see §6.2). We cannot provide errors for the two-temperature discs as the fitting process was not performed simultaneously for both discs, but as the aim of this paper is to identify disc candidates, we only require an estimate of the total flux from the disc and are not overly concerned with the detailed parameters for probably over-simplistic disc models. Table 3 lists the reduced χ 2 values for the photospheric fit and the best disc fit, the corresponding η and ζ values and the corresponding T eff and T d values. The amount of flux from the disc compared to the star (f d /f * , hereafter referred to as the "disc flux fraction") is calculated by integrating the best-fit flux profiles for the disc and star between 0.1 µm and 1.0 mm. In the situation where only W ISE data were available and the SED did not feature any wavelength points redward of the disc flux peak, the fit was much less constrained and the models more subject to degeneracies. Temperature upper limits (and hence f d /f * lower limits) for these objects are set at the point where the fit would be excluded with 2σ confidence. There is a strong correlation in the parameter uncertainties. However because lower temperatures goes with higher ζ, the effect on the estimated f d /f * is not serious.
SENSITIVITY LIMITS FOR DETECTING DEBRIS DISCS
A working definition for debris discs is that they have f d /f * 0.01 (Lagrange, Backman & Artymowicz 2000) . Optically thick primordial discs will generally have much higher values than this. Given that the objects in this Table 3 . Best-fit parameters to SED models for the sample of objects with evidence of IR excess. The number of flux points at wavelengths longer than K are provided in column 3. *No data available to constrain the disc at wavelengths longer than the peak wavelength of the black-body fit -2σ upper/lower limits are provided for T d and f d for these (see §5). Error bars for the η values are ∼ 0.01. Two temperature models are fitted for targets D, I and L. a 3σ upper-limits from M IP S 24, 70 and 160 µm and Herschel 70, 100 and 160 µm; these are used only as a constraint in the SED modelling such that model fluxes at these wavelengths must lie below the upper limits. b 3σ upper-limits from Herschel 70, 100 and 160 µm.
work are relatively faint M-dwarfs, there will be a limiting W 1 − W 4 for which f d /f * 0.01. To explore the relationship between f d /f * and W 1 − W 4, a simulation was made to artifically increase the W 4 flux from a disc-less M-dwarf star until f d /f * = 0.01. The disc-less stars used in the simulation are 2MASSJ05531299−4505119 (M0.5V, ABDMG), BD+36 2322 (M4V, ABDMG) and DEN 1048−3956 (M8.5, field brown dwarf -see Avenhaus, Schmid & Meyer 2012) . Photospheres were modelled using the same procedure described in §4. The disc temperature was fixed at either 100 K or 300 K and the threshold W 4 magnitude and disc area are outputs from the model.
For comparison, the same simulation was carried out for an F5, a G3 and a K7 star (HIP 19183, HIP 113579 and HIP 31878, respectively, all members of the ABDMG). The simulations show (see Figure 5 ), for the assumed disc temperatures chosen, that W 1 − W 4 > 1.0 corresponds to f d /f * > 10 −3 for K-to mid-M-dwarfs (and > 3×10 −4 for Fand G-dwarfs). Sensitivity to (debris) discs with less IR flux than this, using W 1 − W 4, is compromised because smaller W 4 excesses become indistinguishable from the scatter in W 1 − W 4 values seen in disc-less field stars.
The W 1 − W 4 colour at which f d /f * 0.01 is ≈ 2.5 for early to mid-M spectral-types and ≈ 2.2 for late M-dwarfs. Given that M8/9 represents the faintest object in the MG sample, this suggests that debris discs will have W 1 − W 4 values somewhere between these upper limits and the W 1 − W 4 values of disc-less field stars. Primordial discs should have W 1 − W 4 > 2.2. For F and G stars the sensitivity improves, and debris disc objects should have W 1 − W 4 < Figure 5 . Sensitivity limits for detecting debris discs in stars of various spectral types, with assumed disc temperatures of 100 K (left) and 300 K (right).
3.7. Observations of K stars are only slightly more sensitive than M-dwarfs and debris discs should have W 1−W 4 < 2.8. There were only small differences of W 1 − W 4 ∼ 0.1 mag in the results depending on whether a disc temperature of 100 K or 300 K was adopted. These simple models do not take into account disc gaps or disc orientation, which will be an additional source of scatter. Figure 6 is an alternative way of looking at this sensitivity to debris discs, showing the relationship between For the other 6 objects only with an upper limit to the disc temperature we plot lines of constant W 1 − W 4 which terminate at their 2-sigma T d upper limits, as described in §4. We note that none of these objects could have f d /f * < 0.01. For targets D, I and L with two-temperature fits we split the flux from each disc into their two components and label them as '1' and '2'. disc temperature and f d /f * at a fixed M0 spectral-type for W 1 − W 4 = 1.0 and 2.5 respectively. We find that debris discs with f d /f * < 0.01 must have T d > 70 K if they are to have W 1 − W 4 > 1.0. The debris disk threshold of f d /f * < 0.01 corresponds to W 1 − W 4 < 2.5 for 100 < T d < 300 K and W 1−W 4 2.0 for 300 < T d < 500 K.
NATURE OF THE IR EXCESS
Disc criteria
This section focuses on objects that have W 1 − W 4 > 1.0. In §6.2 objects with W 1 − W 4 < 1.0 and EW 4 > 3.0 are discussed. A variety of indicators have been used in the literature to try to separate primordial, transitional and debris discs and we examine these with our sample. The final disc designation for each target is listed in Table 4 . Figure 1 shows four separate colour-colour diagrams for the entire sample used in this analysis. Large K − W 1 and K − W 2 colours are indicative of large amounts of near-IR flux, consistent with what is expected from primordial discs. In Table 4 we assign a disc type of either 'P' (primordial) or 'T' (transitional) based on an object's position (see Figure 1 ) in the K − W 2 versus K − W 1 (top-left), K − W 3 versus K −W 2 (top-right) and W 3−W 4 versus W 1−W 2 (bottomleft) diagrams compared with the distribution of primordial and transitional discs observed in Taurus. The bottom-right panel in Figure 1 (W 1 − W 4 versus K − W 1) is the most effective way of separating debris discs from primordial discs, given only 2M ASS and W ISE data, as it can potentially probe both hot discs (K − W 1) and cooler discs (W 1 − W 4). Figure 1 shows that both primordial and transitional discs in Taurus have colours of 3 < W 1 − W 4 < 6, which is consistent with the simulations in §5. Overall it appears that transitional discs have slightly larger W 1 − W 4 values (∼ 4.5 to 6.0) although not enough to strongly distinguish them from primordial discs. Choosing a disc type based on colour-colour diagrams is ambiguous, although the evidence suggests the majority of our targets with W 1 − W 4 > 1.0 are primordial/transitional.
We expect debris discs to be class III sources. If they are class II sources then it is likely that any NIR excess is from a primordial disc. Because discs contribute large amounts of IR flux compared to the star, the flux gradient observed in SEDs is shallower than for objects without discs. The slope of the SED at IR wavelengths is characterised by α, where α = d log λF λ /d log λ. In identifying the disc frequencies amongst brown-dwarfs in the Upper Scorpius OB association suggest that objects with αK−W 3 −0.2, −1.8 < αK−W 3 < −0.2 and αK−W 3 −2.0 correspond to class I/II/III sources, respectively. This method was calibrated for objects as early as M3.5 and should be applicable to most M-dwarfs in this work. There is an overlap of class II/III sources between −2.0 < α < −1.8. Should an object have −2.0 < αK−W 3 < −1.8 it is assumed to be class III.
We choose the disc flux fractions as the most important indicator of disc type and this indicator has been recommended in several previous works (Lagrange, Backman & Artymowicz 2000; Wyatt 2008; Matthews et al. 2014 ). We have values or upper limits which make a decision between debris disc and transitional/primordial disc rather clear. Debris discs generally have f d /f * < 0.01, whereas Cieza et al. (2012) estimate primordial discs to have f d /f * 0.1. In this work objects with f d /f * > 0.1 are classed as primordial, 0.01 < f d /f * < 0.1 are either primordial or transitional and f d /f * < 10 −2 are debris discs. In the case of target B, the most probable disctype based on f d /f * is primordial, however, this is less than 1 error bar from the primordial and primordial/transitional boundary and we flag this object accordingly in Table 4 . If we were to only use the hotter component in the twotemperature models our disc classification would remain the same. The addition of an extra, cooler disc increases our f d /f * , but in no cases is this by enough to change the type of disc we infer. Figure 6 illustrates this test for both stars with estimated disc temperatures and for those with upper limits to disc temperatures. For the latter, their W 1 − W 4 colour defines a locus in the f d /f * versus T d diagram which terminates at their 2σ disc temperature upper limits. Assuming that all 12 of our targets with W 1 − W 4 > 1.0 are similar to M0 stars, we find that none of them have f d /f * < 0.01, and this remains true even when a more precise spectral-type is chosen (see Table 3 ). For targets that only have upper limits for f d /f * we report the disc type as the type corresponding to the upper limit, however, we place in parenthesis other possible disc types. Five excesses appear to be due to primordial discs, whilst the remainder are either primordial or transitional discs.
In Table 4 we provide the results of our deliberations of disc type using each method described in this section. The f d /f * classification assumes primacy, followed by consideration of the other indicators where this is ambiguous. The final totals are 8 primordial discs, 4 transitional discs and no debris discs. Table 4 . Disc types derived from various methods described in this work. The labels in column 1 refer to the 2MASS sources in Table 3 . The excess column is an approximation of the disc-type based on the 
Other disc candidates identified with W 4 excess
In this section we analyse the 7 objects with W 1−W 4 < 1.0 and EW 4 > 3.0 that are listed towards the bottom of Table 4 . There is one member of η Cha (target N=EI Cha), one TWA member (target P=TWA 7) and five BPMG members (targets M=2MASSJ08173843−8243298, hereafter 2MJ0817; O=TWA 22AB; Q=HD 155555C; R=2MASSJ17292067−5014529, hereafter 2MJ1729 and S=AU Mic).
SEDs were modelled for these seven objects using the same procedure described in §4 and are displayed in Figure 3 , with results listed in Table 3 . Only three of these objects had estimated values of T d and f d /f * , all of which were less than 0.01 (2M J0817, TWA 7 and AU Mic, see Cotten & Song 2016) . For 2M J0817, the flux fraction is within one error bar of 0.01, the boundary between debris and primordial/transitional discs. AU Mic and TWA 7 are already well-known to have a debris disc that has been imaged in scattered light (Kalas 2004; Choquet et al. 2016) .
TWA 22AB, 2M J1729 and HD 155555C did not have sufficient data at far-IR wavelengths to constrain a disc fit and no information on their disc type or f d /f * could be found in previous works, however ? claim a null detection of IR excess for HD 155555C based on mid-IR spectroscopic measurements between 8 − 13 µm. Disc temperature upper limits of 80, 120 and 180 K, and corresponding f d /f * lower limits of 6.0 × 10 −3 , 1.1 × 10 −3 and 1.2 × 10 −4 , respectively, were estimated, so these were classed here as candidate debris discs which require further observation. EI Cha also had unconstrained disc parameters in this work; EI Cha has previously been flagged as a possible debris disk source with f d /f * = 3 × 10 −5 (based on far-IR Herschel photometry) by Gautier et al. (2008) , however in our work we only calculate a lower-limit to f d /f * because the Herschel data for EI Cha are upper limits.
In summary, this set of seven candidates, with small but significant W 4 excesses, consists of three "recovered" objects whose status as debris disc objects was already known or suspected, together with a new probable debris disc source (2M J0817) and three new candidate debris disc sources (targets TWA 22AB, HD 155555C and 2M J1729) that are all likely members of the BPMG.
Comparison with the literature
Many of the 19 stars we have identified as harbouring discs have been previously identified or studied. Appendix B gives a star-by-star comparison with literature values and classifications. There are some differences between our estimates of f d /f * and those in the literature, but not by enough to change our disc classifications. For the 12 objects with W 1−W 4 > 1.0, in all but two cases there is broad agreement and agreement on the nature of the disc: for ǫ Cha 17 and 2M J1207 (targets H and L) we find primordial discs whereas in the literature these were reported as transitional and debris discs, respectively (Manoj et al. 2011 and Gizis 2012) . Four of the seven objects with W 1 − W 4 < 1.0, but significant W 4 excess have been reported in previous work as either confirmed debris discs or debris disc candidates, which is in broad agreement with our classification scheme.
DISCUSSION
7.1 Did we find any new debris discs?
We have identified IR (22 µm) excesses from 19/100 Mdwarfs that are likely MG members. These excesses are bimodal in nature -12 sources have W 1 − W 4 > 3, which simple disc models suggest corresponds to f d /f * > 0.02 for these spectral-types; 7 sources have W 1 − W 4 < 1 and although we are unable to adequately constrain the disc temperatures, it is likely that these have f d /f * 3 × 10 −3 . The former objects are all almost certainly primordial, gasrich discs, although some may have transitional inner holes as recorded by our classifications in Table 5 . The latter do not exhibit excesses at shorter wavelengths or signs of accretion activity and should be regarded as debris disc can-MG Name N sample P T D Table 5 . The number of primordial (P), transitional (T) or debris (D) discs for each MG that contains at least one type of disc. N sample is the number of M-dwarfs in the MG which satisfy all criteria described in §2.
didates, although some confidence in our methods is drawn from the fact that these include 2 objects with previously known debris discs that have been imaged in scattered light and another object identified as a debris disc in other studies. The four remaining candidates need additional sensitive measurements at mid-and far-IR wavelengths in order to confirm their nature. Table 5 provides the number of primordial, transitional or debris discs for each MG containing at least one disc. All of the IR excess objects were found in MGs with age < 30 Myr. The total fraction of M-dwarf MG members with debris discs identified in this work is 7/100. Given that identification of debris discs for objects with W 1 − W 4 < 1 is incomplete then this fraction is of course a lower limit and likely to be age-dependent. No debris disc candidates are found with 1.0 < W 1 − W 4 < 3.0, implying that < 3 per cent of young M-dwarfs have very dusty debris discs with f d /f * 10 −3 .
Evidence for debris disc evolution in M-dwarfs?
All of the discs we have found, primordial, transitional or debris, are in MGs at the age of BPMG (24 ± 4 Myr) or younger. This is consistent with the claimed lifetimes of primordial discs in M-dwarfs (2-3 Myr, Williams & Cieza 2011) , but may also be evidence for a decline of debris disc frequency with age. Dividing the sample into MGs younger and older than 30 Myr, there are 7/55 debris disc candidates in the younger group and 0/45 in the older group. This corresponds to debris disc frequencies of 12 ± 5 per cent in the younger group and < 7 per cent (at 95 per cent confidence) in the older group. Assuming that the younger and older samples were observed with similar sensitivities, then a 2 × 2 chi-squared contingency test suggests a difference in these frequencies at 98.5 per cent confidence. Gautier et al. (2007) found no evidence for debris discs in a sample of 62 field M dwarfs that were estimated to be older than 1 Gyr. Lestrade et al. (2009) Forbrich et al. (2008) found evidence for debris discs with a 24 µm excess for 11 M-dwarfs in NGC 2547 (age 35 ± 3 Myr, Jeffries & Oliveira 2005), providing a lower limit to the debris disc frequency of 4.9 per cent. Our measurement of a debris disc frequency (for MG members with ages of 30-150 Myr) of < 7 per cent is consistent with all of this previous work.
7.3 Do M-dwarfs dissipate their discs faster than solar-type stars?
There have been suggestions in the literature that M-dwarfs may disperse their debris disks more rapidly than higher mass stars, due to drag caused by stronger stellar winds (Wood et al. 2002; Plavchan, Jura & Lipscy 2005) , by earlier photoevaporation due to the stonger EUV and FUV radiation fields (Galván-Madrid et al. 2014) or by the stripping of planetestimals from less massive M-dwarfs due to stellar encounters (Lestrade et al. 2009 ), but these arguments also depend on a straightforward linear scaling between disc mass and stellar mass. The empirical situation is far from clear due to the small number of identified Mdwarf debris discs and the difficulties of comparing samples with threshold sensitivities that vary with brightness and spectral-type. A straightforward comparison between FGK-stars in MGs and the M-dwarfs studied in this work is difficult because of small numbers and whilst W ISE can detect debris discs amongst FGK-dwarfs with f d /f * > 3 × 10 −4 (corresponding to W 1 − W 4 1.0 -see Figure 5 ), data of the same quality is only capable of detecting M-dwarf debris discs if they have f d /f * > 10 −3 . The only comparable study was performed by Moór et al. (2016) who surveyed 29 FGK members of MGs with ages of 20-50 Myr, finding 6 debris discs with 10 −4 < f d /f * < 10 −3 . The frequency of discs in the older FGK stars with age 30-50 Myr was 5/25. A 2 × 2 chi-squared contingency test suggests that this is incompatible (at > 99 per cent confidence) with the lack of debris discs we have found in M-dwarfs at similar ages, however it could be that the survey for FGK debris discs is more sensitive and thus more complete, with several M-dwarf debris discs with 10 −4 < f d /f * < 10 −3 awaiting discovery. It has also been suggested that although dust may be dispersed more rapidly around M-dwarfs there could be a delay in the production of dust from planetestimal collisions with respect to higher mass stars, with the time of maximum dust visibility tmax ∝ M −1 * . Empirically, the strength of debris disc emission and the debris disc frequency both appear to peak at ∼20-30 Myr in FGK stars but occur earlier at 10-20 Myr for A/B-type stars (Currie et al. 2008; Hernández et al. 2009; Smith & Jeffries 2012) . There is no evidence from our survey that this trend continues towards lower masses -our data would suggest that any peak in dust visibility for M-dwarfs occurs at 30 Myr.
SUMMARY
We have performed a survey using 2M ASS and W ISE for discs around a sample of 100 candidate M-dwarf members of young MGs (with ages of 5-150 Myr). Potential discs were identified on the basis of significant W 1 − W 4 excesses and their nature investigated using a variety of diagnostics including simple models for the SEDs and longer wavelength data where available.
Tests of the sensitivity of W ISE data to dust discs suggest that debris discs should have been readily identified around M-dwarfs if W 1 − W 4 > 1.0, corresponding to a disc flux fraction f d /f * > 10 −3 . For stars with W 1 − W 4 < 1.0, significant excess can be detectable, but becomes harder to separate from the photospheres of (presumed disc-less) Mdwarf field stars. The main results of our search are:
1. We found 12 objects with clear IR excesses and W 1− W 4 > 3.0, all were younger than 30 Myr, all have f d /f * > 0.02 and all have SEDs consistent with primordial discs or transitional discs with inner holes.
2. No M-dwarfs were found with 1.0 < W 1 − W 4 < 3.0, indicating that < 3 per cent (at 95 per cent confidence) of young M-dwarfs have very dusty debris discs with f d /f * 10 −3 . 3. Seven objects were identified with W 1 − W 4 < 1.0 but with a significant W 4 excess over that expected from the photosphere, corresponding to f d /f * 3 × 10 −3 , although the disc flux fractions and disc temperatures are poorly constrained. These IR excesses are assumed to be due to debris discs and all these stars are younger than 30 Myr. Three of the debris discs have been previously identified in the literature and in two cases the discs have been imaged in scattered light. The four other sources are new debris disc candidates and all are candidate members of the BPMG.
4. The frequency of debris discs in young M-dwarfs with age < 30 Myr is at least 13 ± 5 per cent, but this falls to < 7 per cent in older MG M-dwarfs at equivalent observational sensitivity. This provides evidence for some evolution of debris disc properties and argues against the peak of debris disc activity occurring later in lower-mass stars.
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